Griseofulvin (1) From this point of view, we were interested in determining the influence of a 6'-methyl group in ring C of 1 on the fungicidal activity. For this purpose, we undertook the syntheses of griseofulvin analogs 3, 4, 5, 6, 7 and 8. Danishefsky and co-workers have described a synthesis of 1 by a cycloaddition reaction of the 1,1-disubstituted diene (21) with electrophilic dienophiles.4) It was of interest to examine the extension of this reaction to dieriophiles 16, 17, 18, 19 and 20 by applying Danishefsky's method. This seemed a possible synthetic route to the griseofulvin analogs.
Lithium enolates of coumaranones ll and 12 were reacted with aldehyde 13 in tetra- were determined by comparing their XH-NMR spectra with those reported for griseofulvin (1) and epigriseofulvin (2) .8) Their^-NMR data are summarized in Table I The chemical shifts of compoundsl-6 were measured on a 100MHzspectrometer, and those of (±)-7 and (±)-8 on a 270MHzspectrometer. 2201 (±)-5 and (±)-7 were clearly distinguishable from epi ethyl analogs (±)-6 and (±)-8. The CH2 signals due to the 6/-ethyl group appeared in a lower field in (±)-5 and (±)-7 than in (+)-6 and (+)-8; moreover, the signals due to the 5'-proton and 6'-methine of (±)-5 and (±)-6
were analogous to those of 1 and different from those of 2. Thus, it was deduced that (±)-5 and (±)-7 had a griseofulvin configuration, and that (±)-6 and (±)-7 had an epigriseofulvin configuration. The biological activities of the synthesized analogs were tested against fungi (Botrytis allii and B. cinerea). Griseofulvin as a standard was employedfor comparision purposes in this test. Compounds 9 and 10 prepared from 1 by the knownmethod9) were also tested to compare with the activity of (±)-3-8. the antimicrobial activity was determined by a paper disc method, the activities of the test compounds being listed in Table II . (±)-6'-Demethyl analog 3 showed quite weak activity, and 4'-deoxo analog 10 did not show any activity.
The activities of (±)-5 and (±)-7 were considerably inferior to that of 1. However, the activity of (±)-7 was stronger than that of (±)-5. Also, it became clear that the 7-chloro group on the A ring was necessary to accelerate the biological activity.3) From the bioassay of ethyl analogs 7, the 6'-substituted analogs of 1 might be expected to show considerable activity. From these results, it was deduced that The inhibitory activityis representedinthe order of + + + +, + + +, + +, +, -. + + + + is strongly active, + + + is more active, + + is active, + is less active, and -is inactive.
the presence of the 6'-methyl group and 4'-oxo group on the C ring were very important factors in the biological activities of griseofulvin (1).
Experimental
Melting points (mp) were determined on micro-melting point apparatus (Yanagimoto no. 1593). All melting and boiling points are uncorrected. IR spectra were measured on a JASCOIR-810 infrared spectrometer, and jH-NMR and 13C-NMR spectra were recorded on a JEOLJNM FX (100 MHz/270 MHz) spectrometer.
All *H-NMR and 13C-NMRdata are reported as parts per million downfield from Me4Si(S=0). The mass spectrum was recorded on Hitachi M-52 and JEOL JMX HX-105 spectrometers. Microanalyses were performed by the Analytical Laboratory of the Faculty of Science at Tohoku University. Preparative TLC was carried out on Merck Kieselgel 60 Pf254 of 0.7mm thickness.
7-Chloro-4,6-dimethoxy-2-methylenecoumaran-3-one (16). To a solution ofdiisopropylamine (146 mg, 4.8 mmol) in 10ml of dry THFwas added «-BuLi (3.12ml ofa 1.56M solution in hexane) at -78°C under nitrogen. This was stirred for 15min at the same temperature, and to this solution was then added dropwise ketone ll (900mg, 3.96mmol) in 180ml of dry THF over c. 30min. To this resulting solution was introduced formaldehyde gas, which was generated from 500mg of paraformaldehyde by heating at c. 150°C for about 5min. This solution was stirred for lmin and then quenched by adding 10ml of saturated aqueous ammoniumchloride. The reaction mixture was poured into 30ml of ether. The organic layer was washed with aqueous NaCl and dried over anhydrous MgSO4. Synthesis of Griseofulvin Analogs via Acidic Hydrolysis of the Diels-Alder Adduct. i) ( ±)-6'-Demethylgriseofulvin (3). A solution of methylene ketone 16 (56mg, 0.23mmol) and diene 21 (510mg, 3.59 mmol) in 10 ml dry toluene was heated overnight under N2 at 110-130°C.
After evaporating the solvent in vacuo, the residue was taken up in 20ml ofTHF, 10ml of water, and 1 ml of 1 n HC1. This reaction mixture was stirred at room temperature for 30min and then poured into 50ml of ether layered on 50ml of water. The aqueous layer was extracted with an additional 50ml of ether, and the combined organic phases were washed with saturated sodium bicarbonate and brine, and dried over MgSO4. Evaporation of the solvent gave 87mg of a crude yellow solid. The crude product was purified on TLC to afford 51.9mg of 3 (41%) as colourless needles (from benzene), mp 224-225°C, Rf 0.18 (AcOEt:Et2O=1 : 10). IR vmax 1, 36.7, 56.4, 57.0, 88.9, 89.5, 95.7, 104.1, 158.1, 164.5, 197.15, 207.16 . MS m/z: 311 (M++2), 309 (M+).
Anal. Found: C, 57.84; H, 4.87; Cl, ll.41. Calcd. for C15H15O5C1 : C, 57.98; H, 4.87; Cl, ll.41%. iii) ( ± )-(2S *,6' R*)-6' -Ethyl-2' ,4,6-trimethoxyspiro[benzofuran-2{3H)J' -{2-cyclohexene)~\-3,4' -dione (5) and ( iv) ( ± )-{2S *,6' R*)-7-Chloro-6' -ethyl-2' ,4,6-trimethoxyspiro[benzofuran-2(3H), r-(2-cyclohexene)~] -3,4' -4ione (7) and ( ± )-(2S *,6' S *)-7-Chloro-6' -ethyl-2' ,4,6-trimethoxyspiro\_benzofuran-2(3H), l ' -(2-cyclohexenej] -3' ,4' -dione (8). A mixture of propylidene ketones 19 and 20 (115mg, 0.43 mmol) and diene 21 (953mg, 6.71mmol) in 8ml of dry toluene was heated in sealed tube overnight at 140 to 160°C. The usual work-up followed by TLC and recrystallization gave a 1 : 4.5 ratio of (±)-6'-ethyl analog (7) and (±)-6' -epiethyl analog (8) in a 74% yield.
(±)-(7 Reduction ofgriseofuhin (1) . Dihydrogriseofulvin (9) and 4/-deoxogriseofulvin (10) were prepared by the method of Mulholland. 9) i) Dihydrogriseofulvin (9). mp 201-204°C (lit. 198°C These data were confirmed by comparing the IR spectra with those reported.9) Antimicrobial assay of the griseofulvin analogs (3) (4) (5) (6) (7) (8) against Botrytis allii (IFO 9430) and Botrytis cinerea (AHU 9573). The antimicrobial activity of the synthesized analogs was determined by the paper disc method in potato sucrose medium.Asolution containing the test compoundat a defined concentration (25, 50 and lOO jUg/disc) was poured on to paper layered in a Petri dish. The treated culture was incubated at 26-28°C for 5 days, and the growth-inhibited zone around the disc was measured.
